REGb cell line, a highly immunogenic tumor cell variant isolated from a rat colon cancer, yields regressive tumors when injected into syngeneic hosts. We previously demonstrated that REGb tumor immunogenicity was related to the capacity of releasing dead cells in vivo. Also, in vitro, REGb cell monolayers release dead cells, especially when cultured in serum-free medium. In the current study, we show that the release of dead cells results from an atypical death process associating features of necrosis and apoptosis. In spite of features considered as hallmarks of caspase-dependent apoptosis, including chromatin fragmentation and DNA oligonucleosomal cleavage, caspases are not activated and caspase inhibitors are ineffective to prevent REGb cell death. In contrast with a number of other types of cell death, the spontaneous death of REGb cells in culture depends on de novo protein synthesis as this death is blocked by low doses of the mRNA translation inhibitor cycloheximide. This unusual mode of cell death that associates necrotic and apoptotic features could provide optimal conditions for triggering a specific immune response.
Introduction
The mechanisms of cell death could determine the generation of an immune response (Matzinger, 1994) . Dead tumor cells and their fragments are recognized by specific receptors, engulfed by immature dendritic cells, and subsequently processed into immunogenic peptides expressed at the dendritic cell surface. Tumor cell death may also provide endogenous signals leading to dendritic cell maturation, expression of co-stimulatory molecules, and migration within the draining lymph nodes where they could activate tumor-specific T lymphocytes. Presently, the respective involvement of the two major cell death pathways, apoptosis and necrosis, in the induction of tumor immunogenicity remains a matter of discussion (Albert et al., 1998; Melcher et al., 1998; Gallucci et al., 1999; Sauter et al., 2000) .
From the tumor cell culture of a chemicallyinduced rat colon carcinoma, we isolated two clones with opposite behavior. PROb cell clone is poorly immunogenic and gives rise to progressive tumors when injected subcutaneously into syngeneic animals. REGb clone is highly immunogenic and yields tumors that progress for 2 -3 weeks, then regress completely and definitively (Caignard et al., 1985) . Interestingly, the immunogenic REGb cells differ from their non-immunogenic PROb counterparts by the high number of TUNEL (Terminal deoxynucleotidyl transferase-mediated dUTP NickEnd Labeling)-positive dead tumor cells observed in histological sections performed 24 or 48 h after their injection into syngeneic hosts (Bonnotte et al., 1998) . REGb but not PROb cell monolayers also release high number of dead cells when cultured in a serum-free medium. REGb cell transfection with cDNA encoding the anti-apoptotic Bcl-2 protein strongly reduces both the releasing of dead REGb cells during a serum-free culture in vitro and the number of TUNEL-positive tumor cells in vivo and prevents immunogenicity of REGb cells which then yield progressive and lethal tumors (Bonnotte et al., 1998) .
Since REGb cell high immunogenicity depends on the release of dead cells or cellular debris after tumor cell injection into syngeneic hosts (Bonnotte et al., 2000) , we sought to analyse this mode of death. We demonstrate that REGb cells die through an unusual caspase-independent process associating apoptotic features such as chromatin fragmentation and DNA oligonucleosomal cleavage, and necrotic-like events such as early plasma membrane permeabilization. This atypical death process does not depend on caspase activation but is dependent on de novo protein synthesis.
Results

REGb cell monolayers release a large number of dead cells when cultured in serum-free medium
During culture under serum deprivation conditions, most PROb cells maintained their attachment to the culture flask, while an increasing number of REGb cells detached and progressively accumulated as single floating cells and debris in the culture medium ( Figure  1a) . As a consequence, after a 72-h culture in serumfree medium, the density of attached REGb cells significantly decreased, as compared to PROb ( Figure  1b ).
REGb cell death in serum-free medium is associated with a loss of plasma membrane integrity Plasma membrane status was assessed by combining propidium iodide staining with annexin V-FITC labeling ( Figure 2 ). Fas ligand with addition of cycloheximide, and H 2 O 2 treatments were used as controls for apoptotic and necrotic REGb cell death, respectively. Fas ligand-treated REGb cells were stained with annexin V and remained impermeable to propidium iodide, while H 2 O 2 -treated cells were double-stained with propidium iodide and annexin V-FITC. Most detached REGb cells collected after a 72-h culture in serum-free medium were also double-positive whereas most REGb cells attached to the culture flask bottom were double-negative upon EDTA-trypsin detachment. The loss of plasma membrane integrity was simultaneous with, or occurred very early after the spontaneous detachment of REGb cells from the adherent cell monolayer: as early as 30 min after culture medium change, 82% (+7.5%) of the freshly detached REGb cells were permeable to propidium iodide. Detached REGb cells released during culture in serum-free medium were also stained with trypan blue, confirming plasma membrane permeability to large ionized molecules.
REGb cell death in serum-free medium is associated with chromatin fragmentation and DNA oligonucleosomal cleavage Nuclear chromatin was labeled with Hoechst 33258 (Figure 3a) . In attached REGb cells, chromatin was homogeneously distributed. Most detached REGb cells collected after 72 h of serum deprivation exhibited a condensed and fragmented chromatin. Chromatin (Figure 3b ). These results were confirmed using a TUNEL (terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling) assay. REGb cells detached after a 72 h culture in serum-free medium exhibited TUNEL labeling whereas attached cells did not. The TUNEL procedure resulted in a labeling of cells detached after Fas ligand treatment but not after H 2 O 2 -treatment ( Figure 3c ).
REGb cell death in serum-free medium is associated with specific ultrastructural changes Electron microscopy analysis was performed to further document the ultrastructural changes occurring in REGb cells after serum deprivation, treatment with Fas ligand or hydrogen peroxide. Attached REGb cells were characterized by a large nucleus surrounded by a continuous nuclear membrane and occupying most of the intracellular compartment ( Figure 4a ). H 2 O 2 -treated cells exhibited an extensive loss of structure such as nuclear envelope fragmentation, loss of the plasma membrane integrity and whole-cell swelling. The nucleus was condensed, but not fragmented (Figure 4b ). Contrasting with these features, treatment with Fas ligand led to morphological alterations similar to those described for classical apoptotic processes, such as cell shrinkage, extensive condensation of the cytoplasm, condensation and fragmentation of the nucleus, preservation of plasma membrane continuity, and in the latest stage, formation of apoptotic bodies containing chromatin and/or cytoplasmic elements enclosed by a continuous membrane (Figure 4c ). Detached REGb cells collected after culture in serum-free medium were characterized by cellular condensation and shrinkage. Single-membrane vacuoles accumulated in most of the dying cells and the nucleus was fragmented (Figure 4d ). The plasma membrane was locally disrupted (Figure 4d , insert).
REGb cell death in serum-free medium is not associated with caspase activation Caspase-3-, caspase-8-, and caspase-9-like activities, determined by measuring the cleavage of their Figure 5a ). Confirming these results, caspase-3 and caspase-9 cleavage was detected by Western blot in detached REGb cells collected after treatment with Fas ligand, but not after culture in serum-free medium ( Figure 5b ). Oligonucleosomal DNA degradation observed in apoptosis is usually attributed to CAD (Caspase Activated DNAse), a DNAse that migrates to the nucleus after caspase-3-induced cleavage of its inhibitor ICAD (Inhibitor or CAD). In REGb cells cultured in the presence or absence of serum, we did not observe any significant modification of ICADs, the dominant and active ICAD isoform in rodents (Chen et al., 2000) , while a substantial decrease of ICADs was detected in REGb cells undergoing Fas ligand-mediated apoptosis ( Figure 5b ). No detectable expression of the long isoform of ICAD, ICADL, was found in REGb cell line.
To further confirm these results, cells were treated with the cell-permeable, broad-spectrum tetrapeptide caspase inhibitor, zVAD-fmk (z-Val-Ala-Asp (Ome)-fluoromethylketone). This inhibitor has previously been shown to block various forms of apoptosis by binding irreversibly as pseudo-substrate to the catalytic site of caspases. zVAD-fmk (50 mM) added at the beginning of a 72 h serum-free culture prevented neither the release of dead REGb cells nor the condensation or fragmentation of the chromatin (Figure 6a ). In addition, zVAD-fmk did not suppress DNA laddering nor TUNEL labeling in detached REGb cells collected after culture in serum-free medium (Figure 3b,c) . Also, zVAD-fmk did not prevent REGb cell death even when used at concentrations as high as 100 mM (not shown). zVAD-fmk is an inactive ester which must be hydrolyzed by intracellular esterases to produce the active caspase inhibitor. REGb cells were able to activate zVAD-fmk since zVAD-fmk at a 50 mM concentration inhibited both chromatin fragmentation ( Figure 6a ) and death (not shown) induced by Fas To verify that zVAD-fmk did not undergo degradation or inactivation during the long-term culture period required for collecting dead REGb cells, the caspase inhibitor was added to a REGb cell culture for 72 h. At the end of this culture period, zVAD-fmk contained in the cell culture supernatant was still able to inhibit Fas ligand-induced apoptosis of Jurkat cells, a Fas ligand-sensitive cell line (Figure 6b ). zVAD-fmk inhibits the activity of most caspases but is a poor inhibitor of caspase-2 (Garcia Calvo et al., 1998) . Therefore, the effect of the caspase-2 inhibitor, the pentapeptide zVDVAD-fmk (z-Val-Asp-Val-Ala-Asp (Ome)-fluoromethylketone), on REGb cell death was investigated. zVDVAD-fmk (100 mM) had no effect on chromatin fragmentation ( Figure 6a ) and death (not shown) of REGb cells cultured in a serum-free medium.
REGb cell death in serum-free medium is not associated with loss of the mitochondrial transmembrane potential (Dcm) or with a release of the apoptosis-inducing factor (AIF) from mitochondria Mitochondria can play a critical role in the commitment to cell death, e.g. by releasing cytochrome c that induces caspase-9 activation in the apoptosome, smac/ DIABLO which prevents IAP-mediated caspase inhibi- Tumor cell death and immunogenicity N Larmonier et al tion, and the apoptosis-inducing factor (AIF). In the present study, we observed an expected fall in the mitochondrial transmembrane potential (Dcm) in REGb cells treated with an uncoupling agent (CCCP) used as a positive control. We also detected a fall in Dcm in Fas ligand-treated REGb cells. By contrast, Dcm was not significantly modified within dead REGb cells collected upon serum-free culture (Figure 7a) . Among the components released by the mitochondria, AIF has been reported to be able to induce caspase-independent cell death after translocation into the cytosol and the nucleus. REGb cells cultured for 72 h in the presence or absence of serum were stained with antibodies to AIF and to mitochondrial HSP70, a protein retained in the mitochondrial matrix even during apoptosis-associated mitochondria alterations (Daugas et al., 2000) . AIF maintained a mitochondrial co-localization with HSP70 and did not translocate into the cytosol or nucleus of REGb cells (Figure 7b ).
REGb cell nucleus contains a cation-independent acidic DNase
Since DNA degradation was observed in the dead REGb cells in spite of the lack of caspase-dependent DNAse activation, we sought to identify a caspaseindependent endonuclease in REGb cell nuclei. When assayed at pH 7.2 in the presence of Ca 2+ and Mg 2+ cations, no endonuclease activity was detected ( Figure  8a ). However, at pH 5.5 in the presence of EDTA (10 mM), a cation-independent DNAse activity was detected in REGb cell nuclear extracts (Figure 8b ). This low-pH-dependent DNase activity was present in the nuclear extracts from living attached cells, as well as in the extracts from dead detached cells.
REGb cell monolayers cultured in serum-complemented medium also release trypan blue-permeable cells undergoing caspase-independent death, and exhibiting chromatin fragmentation and DNA oligonucleosomal cleavage
Initially, we thought that serum deprivation was the cause of REGb cell death since we did not observe any difference in the density of REG and PRO cell monolayers maintained in a conventional serumcomplemented medium (Bonnotte et al., 1998) . However, in three independent experiments, even if the total number of cells which maintained their attachment was similar in the PROb and REGb cell cultures maintained in the presence of 10% FBS for 72 h, REGb cells monolayers released a number of detached dead cells 3 -4-fold higher than the number of dead cells released by PROb cell monolayers ( Figure  9a ). In these conditions, 86% (+9%) of the detached REGb cells were permeable to trypan blue and 86% (+7.5%) exhibited chromatin fragmentation after Hoechst staining. As observed in REGb cells cultured in serum-free medium, dead cell release was not inhibited by the addition of zVAD-fmk (50 mM) (Figure 9a) . Furthermore, oligonucleosomal cleavage demonstrated by DNA laddering was detected in (Figure 9b ). These results indicate that REGb cultures release cells undergoing an unusual death, independently of the presence or the absence of serum, even if they could maintain monolayer integrity through cell proliferation.
REGb cell death depends on protein synthesis
Translation inhibitors do not usually inhibit caspasedependent apoptosis, and sometimes they rather enhance cell death by downregulating the synthesis of anti-apoptotic proteins. Accordingly, addition of cycloheximide to the culture medium is required to enhance Fas ligand-induced REGb cell apoptosis (Figure 10a) . Interestingly, addition of cycloheximide at low concentrations (50 or 100 nM) significantly inhibited the release of dead cells from REGb cell monolayers cultured in serum-complemented medium (Figure 10b ) or serum-free medium (not shown). In addition, at 100 nM, cycloheximide inhibited by 81.5% 35 S-methionine and 35 S-cysteine incorporation into proteins in REGb cells cultured in the presence of serum. These results strongly suggest a role for newly synthesized proteins in the process of spontaneous REGb cell death.
Discussion
We had previously shown that the spontaneous death of REGb colon cancer cells was required for their immunogenicity (Bonnotte et al., 1998) . We demonstrate here that the features associated with this death are rather atypical: they include early plasma membrane permeability usually associated with necrosis, and internucleosomal DNA fragmentation and chromatin condensation usually observed in apoptosis. These events occur in the absence of caspase activation and depend on de novo synthesis of so far unidentified proteins. Caspase-independent apoptosis has been reported in several cell systems (Belmokhtar et al., 2001) . In T lymphocytes exposed to staurosporine or anti-CD2 monoclonal antibody, cell death was related to AIF release into the cytosol and the nucleus (Dumont et al., 2000) . However, AIF release from mitochondria of dying REGb cells was not observed. Furthermore, AIF is known to induce cell apoptosis without large-scale or oligonucleosomal DNA fragmentation, an event detected in the dying REGb cells. Altogether, these data suggest that AIF is not directly involved in REGb cell death process. The involvement of mitochondrial cytochrome c is also unlikely since no activation of caspases was observed during REGb cell death. We previously reported that cell death and immunogenicity of REGb cells were strongly reduced by Bcl-2 overexpression (Bonnotte et al., 1998) . It is widely accepted that Bcl-2 can prevent cell death at the mitochondrial level by inhibiting the release of proapoptotic factors from mitochondria. However, Bcl-2 localization in other subcellular compartments, like the endoplasmic reticulum and the nuclear membrane, is also associated with its role in cell survival (Voehringer et al., 1998; Lee et al., 1999) . It is therefore possible that Bcl-2 blocks intermediary molecules or cell death effectors involved in REGb cell death pathway independently of mitochondrial involvement.
Internucleosomal DNA fragmentation has been related to caspase-3-mediated degradation of ICAD, the chaperone inhibitor of CAD (Enari et al., 1998) . We did not observe any change in ICAD expression and status in spontaneously dying REGb cells, suggesting that oligonucleosomal DNA fragmentation did not result from CAD activation in these cells. This was further confirmed by the lack of effect of the broad spectrum irreversible inhibitor of caspases, zVAD-fmk on REGb cell death. In contrast, REGb cell exposure to Fas ligand induced a typical caspase-dependent apoptosis which was inhibited by zVAD-fmk, indicating that the caspase execution program remains functional in these cells. DNA could also be cleaved into nucleosomal fragments, independently of caspases, Tumor cell death and immunogenicity N Larmonier et al by endonuclease G (Li et al., 2001 ). However no DNAse activity was detected in REGb cell nuclear extracts at pH 7.2 and in the presence of Ca 2+ and Mg 2+ , the conditions required for demonstrating endonuclease G activity. It has also been reported that oligonucleosomal DNA cleavage could be induced by type II acidic DNAses . We identified a cation-independent DNAse activity at acidic pH in the nuclear extracts of both attached and detached REGb cells, suggesting that a DNase activity could be dormant in healthy cells while induced by cell death-associated acidosis (Famulski et al., 1999) . Thus, the acidic DNAse activation should be a consequence rather than the cause of REGb cell death.
Many cell death processes, including caspase-dependent apoptosis, occur independently of protein synthesis through activation of preformed precursors and can even be enhanced by cycloheximide, an inhibitor of mRNA translation. We observed that cycloheximide significantly inhibited the spontaneous death of REGb cells, demonstrating its dependence on protein synthesis. Cycloheximide has also been reported to prevent the death of a murine fibroblast line that expresses a defect in protein ubiquitinylation, leading to accumulation of short-lived or aberrant proteins (Monney et al., 1998) . Interestingly, these fibroblasts died according to a caspase-independent process involving most of the characteristics observed in the spontaneous death of REGb cells. Although we did not observe any significative difference in general ubiquitinylation or degradation by the proteasome in REGb cells compared to PROb cells (results not shown), we cannot rule out that the continuous release of death cells by REGb monolayers and tumors could be due to progressive accumulation of lethal proteins. An alternative nonapoptotic form of cell death, named paraptosis, driven by an Apaf-1-independent caspase-9 activity even in the presence of zVAD-fmk, has recently been reported (Sperandio et al., 2000) . Similarly to REGb cell death, paraptosis is inhibited by cycloheximide. However, nuclear fragmentation, internucleosomal DNA cleavage and TUNEL staining, which are characteristic features of REGb cell death, were not observed during paraptosis.
The ability to spontaneously release high numbers of dead cells in vitro and in vivo was observed for all REG clones that yield immunogenic and regressive tumors but not for PRO clones that yield progressive and lethal tumors (Bonnotte et al., 1998) . The continuous release of dead cells was not the direct cause of REG tumor regression as it was overcome by tumor cell proliferation. However, we observed that dead cell fragments and proteins from REGb cells are endocyted by immature dendritic cells which then migrate into the draining lymph nodes where they induce a specific T cell-dependent immune response (Bonnotte et al., 2000) . The relationships between cell death processes and the generation of an immune response have been studied by using various types of external stimuli that do not reproduce the physiological mode of cell death (Albert et al., 1998; Rovere et al., 1998; Gallucci et al., 1999; Shaif-Muthana et al., 2000) . It could be worth looking for other cell lines exhibiting high immunogenicity and spontaneous tumor regression when injected into syngenic hosts to know whether the type of death reported for REGb cells could be generalized, or if it is restricted to very few cases. A better understanding of the relations between REG cell death and tumor immunity could be of interest for improving efficiency of immunotherapy based on tumor cell death induction.
Materials and methods
Reagents
Cycloheximide and calf thymus DNA were purchased from Sigma-Aldrich (Saint Quentin-Fallavier, France), zVAD-fmk from Biomol (Le-Perray-en-Yveline, France), and zVDVADfmk from R&D Systems (Oxon, UK).
Cell lines
REGb and PROb tumor cell clones obtained from a same tumor, the DHD/K12 colon carcinoma chemically-induced in an inbred BD-IX rat, were grown as previously reported (Caignard et al., 1985) . All cells were monitored routinely and found to be free of Mycoplasma infection.
Induction of necrosis or apoptosis
For inducing necrosis, REGb cells cultured in FBScomplemented Ham F10 medium were exposed to H 2 O 2 (200 mM) for 1 h at 378C. For inducing apoptosis, REGb cells were treated with the supernatant of Fas ligandtransfected Neuro-2a cells (Rensing-Ehl et al., 1995) at half dilution in FBS-complemented Ham F10 culture medium for 6 h at 378C. In all experiments, cycloheximide (3.5 mM) was added to potentialize Fas ligand-induced REGb cell apoptosis. The supernatant of mock-transfected Neuro-2a cells was used as control.
Determination of cell death and plasma membrane permeabilization
To compare the capability of tumor cells to survive and maintain their attachment to culture plastic, 3610 5 cells were seeded in each well of a 24-well culture plate. At the end of the culture, the spontaneously detached cells were washed out and the monolayer of attached cells was fixed in ethanol. Cells were stained with 1% crystal violet. The dye fixed on the attached cells was eluted with 33% acetic acid and absorbance of each well was determined at 570 nm using a Labtec scan (Emerainville, France). In other experiments, plasma membrane permeabilization and phosphatidylserine translocation to the outer layer of plasma membrane were simultaneously determined using flow cytometry analysis. Spontaneously detached cells, or adherent cells collected after detachment with trypsin and EDTA, were incubated 20 min with 2 mg/ml annexin V-FITC (Immunotech, Marseilles, France) at 48C, stained 10 min at 48C with 5 mg/ml propidium iodide (Immunotech), then analysed using a FACScan flow cytometer (Becton Dickinson, Grenoble, France). Data analysis was performed with CellQuest software (Becton Dickinson).
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Detection of chromatin fragmentation and DNA cleavage
Chromatin condensation and fragmentation were monitored after staining with Hoechst 33258 fluorochrome (Aldrich, Steinheim, Germany) as previously reported (Bonnotte et al., 1998) . To determine DNA cleavage, REGb cells were lysed using the DNAZOL reagent kit (Gibco BRL) according to the manufacturers' instructions. DNA samples (4 mg) were run on electrophoresis in 1.8% agarose gel in Tris/borate/ EDTA (TBE) buffer containing ethidium bromide and examined for oligonucleosomal cleavage. TUNEL assay was performed according to the previously reported procedure (Bonnotte et al., 1998) . For negative control, TdT was omitted. Positive controls were performed from REGb cells treated with DNAse (1 unit/ml) at the beginning of the procedure. Cells were examined on a fluorescence microscope. Counting was carried out on a population of 200 -300 cells.
Electron microscopy
Cells were fixed in 3% glutaraldhehyde, 2% paraformaldehyde in phosphate buffer (0.1 M), and postfixed with 0.5% OsO 4 . Sample sections were contrasted with 5% uranyl acetate for 30 min and in lead citrate for 10 min, and observed with a Hitachi H750 electron microscope.
Detection of the mitochondrial membrane potential (Dcm)
Cells were stained for 20 min at 378C with the fluorescent dye DePsipher (5,5',6',6'-tetrachloro-1,1',3,3'-tetraethlylbenzimidazolyl) carbocyanine iodide according to the manufacturers' instructions (R&D, Minneapolis, USA) and analysed on flow cytometry. Cells treated with the mitochondrial potential uncoupling agent CCCP (100 mM) were used as positive control.
Subcellular localization of AIF
AIF subcellular localization was assessed by immunofluorescence staining on cytospins. Cells were fixed in 2% paraformadhehyde (Sigma) for 10 min and incubated in 0.1% saponine (Sigma), 0.5% Bovine Serum Albumine (Sigma). The cells were then stained for 1.5 h with rabbit anti-AIF polyclonal antibodies or mouse monoclonal antibodies to mitochondrial HSP70 (BD biosciences Pharmingen, Le Pont de Claix, France), wash in PBS, 0.1% saponine and incubated for 45 min with the appropriate Alexa probe (Molecular Probe, Montluc¸on, France). Cells were then examined on a fluorescence microscope.
Assessment of caspase activity
Caspase-3-, caspase-8-, and caspase-9-like enzymatic activities were assessed by the cleavage of the fluorometric substrates DEVD-AMC, IETD-AFC, and LEHD-AFC, respectively, according to the manufacturers' instructions (Calbiochem, San Diego, CA, USA).
DNAse activity assay
Acidic DNase activity was determined as previously reported (Belmokhtar et al., 2000) . Briefly, cells were disrupted with a Potter-Thomas homogenizer in 25 mM Tris, 1 mM EDTA, pH 7.4, 1 M NaCl. Lysates were centrifugated (1300 r.p.m., 48C) and the supernatants collected as cytoplasmic fractions were dialysed against 25 mM Tris, 1 mM EDTA, pH 7.4. Pellets containing the nuclear fractions were resuspended in 25 mM Tris, 1 mM EDTA, pH 7.4. Calf thymus DNA (10 mg/ ml), and ethidium bromide (10 mg/ml) were added to 1% (w/v) liquefied agarose in 10 mM EDTA, 10 mM Tris, pH 5.5. After solidification at room temperature in petri dishes, cytoplasmic and nuclear samples (30 mg proteins) were applied into circular perforated wells. The gel was incubated for 24 h at 378C in a moist chamber. DNA degradation was visualized under ultraviolet light by the appearance of a dark circle area around the wells contrasting with the fluorescent background of ethidium bromide-stained DNA. To investigate whether other types of endonuclease activity might exist at pH 7.2 with Ca 2+ and Mg 2+ , a similar procedure was performed with the following modifications: cells were disrupted in 25 mM Tris, 1 M NaCl, 10 mM MgCl 2 , 100 mM CaCl 2 , pH 7.2. Nuclear and cytoplasmic extracts were applied into perforated wells in agarose gel liquefied in 25 mM Tris, 1 M NaCl, 10 mM MgCl 2 , 100 mM CaCl 2 , pH 7.2. After incubation for 24 h at 378C, the gel was visualized under UV light.
Immunoblot analysis
Cell extraction and immunoblot analysis were performed according to the usual procedure (Bonnotte et al., 1998) . Blots were probed using polyclonal goat antibodies raised against rat ICAD (Santa Cruz, CA, USA), rabbit polyclonal antibodies to cleaved caspase-3 (Cell Signaling, Beverly, MA, USA) or monoclonal mouse antibodies to caspase-9 (MBL, Nagoya, Japan). The membrane was then washed and incubated with peroxidase-conjugated goat anti-mouse or anti-rabbit IgG (Jackson Immunoresearch Laboratories, West Grove, PE, USA). Protein detection was assessed using the Amersham ECL Western Blotting Analyzing System (Amersham, Les Ullis, France). Each result is representative of three independent experiments.
Effects of cycloheximide on protein neo-synthesis
To control cycloheximide inhibited protein synthesis, REGb cells were cultured for 3 h at 378C with or without cycloheximide (100 nM). The cells were subsequently incubated for 1 h with ICN's Trans 35 S-label containing 35 SMethionine and 35 S-Cysteine (100 mCi/ml) according to the manufacturers' instructions (ICN Biomedical, Orsay, France) and washed in PBS. Cells (5610 6 ) were then lysed as previously described (Bonnotte et al., 1998) and protein extracts were subjected to liquid scintillation counting.
